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the MITF gene (also designated mi) cause microphthal-Mast Cells Provide a “HINT”
mia, a condition associated with deafness, bone loss,to the Function of an small eyes, and poorly pigmented eyes and skin. Muta-
tions in this gene in humans cause Waardenburg syn-Exotic Nucleotide
drome type II, which is associated with pigmentation
anomalies and hearing impairment due to the lack of
melanocytes (Steingrimsson et al., 1994).
One or more members of the HIT (histidine triad) family Because of the above-cited evidence that HINT and
of proteins is encoded in the genomes of diverse spe- FHIT can bind various nucleotidyl compounds, in the
cies, ranging from prokaryotes to humans. However, current study Lee et al. first examined the effects of
the precise cellular and biochemical functions of many such compounds on the in vitro binding of HINT to MITF.
of these proteins are largely enigmatic (Lima et al., They found that the compound Ap4A, but not other nu-
1997; Klein et al., 1998; Brenner, 2002). Therefore, the cleotides, caused the dissociation of this complex. They
also demonstrated that Ap4A binds directly to HINT butpaper by Lee et al. in this issue of Immunity that as-
not to MITF. Previous studies revealed that in additioncribes a role for the histidine triad protein HINT (also
to its role in protein synthesis, the enzyme lysyl-tRNAdesignated HINT1) in regulating the activity of the mi-
synthetase (LysRS) has the unusual capacity to synthe-crophthalmia transcription factor (MITF) is of great
size Ap4A. Lee et al. then focused on LysRS and foundinterest. Furthermore, this study implicates a role for
that it associates with the HINT/MITF complex, specifi-an exotic endogenous nucleotide Ap4A in this process.
cally with the MITF component.This naturally occurring compound consists of two
The authors then demonstrated that when cultures ofadenosines linked by four phosphate residues, and
mast cells were activated by the binding of an IgE-anti-has been proposed as an intracellular and extracellular
gen complex to an IgE receptor at the cell surface, theresignaling molecule (Varshavsky, 1983).
was a rapid and marked increase in the intracellular level
of Ap4A. This was associated with dissociation of theHIT proteins contain a motif related to the sequence
HINT/MITF complex. The liberated MITF was then tran-His-X-His-X-His-XX in which X is a hydrophobic amino
scriptionally active, thus leading to the expression ofacid. They have been classified into three subfamilies,
genes whose promoters are known to contain the MITFthe HINT branch, the FHIT branch, and the GalT branch,
response element. The addition of exogenous Ap4A toall of which are conserved as nucleotide-binding pro-
permeabilized mast cells produced similar effects on theteins (Brenner, 2002). The GalT branch is well defined
dissociation of the HINT/MITF complex and activation ofin terms of its important biochemical role in nucleotidyl
transcription.transferase reactions. The Fhit gene is frequently mu-
In Figure 7 of their paper, the authors present a model
tated in human cancers and functions as a tumor sup-
that explains these findings. According to this model,
pressor (Zanesi et al., 2001), and our laboratory recently
in quiescent mast cells MITF is transcriptionally inactive
obtained evidence that HINT also has tumor suppressor because it is sequestered in a complex with LysRS and
activity (Su et al., 2003). Structural and in vitro enzymatic HINT. When these cells are activated via ligands acting
assays indicate that both the FHIT and HINT proteins at the cell surface, this stimulates the synthesis of Ap4Ahave nucleotide-binding and hydrolyzing properties by LysRS. As a result of the increase in intracellular
(Lima et al., 1997; Klein et al., 1998; Brenner, 2002). levels of Ap4A, these molecules bind to HINT, causing
However, the relevance of these properties to the in vivo it to dissociate from MITF. As mentioned above, the
functions of these proteins is not known. liberated MITF can then activate the transcription of
Early studies suggested that HINT might function as specific genes.
a protein kinase C inhibitor. Therefore it was originally These highly novel findings and the proposed model
designated “PKCI.” However, subsequent studies have will, no doubt, open entirely new fields of investigation
cast doubt on this function (Klein et al., 1998). Two lines related to the HIT family of proteins, Ap4A, and other
of evidence suggest that instead HINT plays a role in novel nucleotides. A specific question that remains to
regulating gene transcription. The first is that in mamma- be answered is the mechanism by which activating
lian cells HINT can associate with the basal transcription events at the cell surface lead to stimulation of the syn-
factor TFIIH, and in yeast a HINT homolog also associ- thesis of Ap4A by LysRS. A more general question is the
ates with TFIIH (Korsisaari and Makela, 2000). The sec- relevance of the authors’ model to other transcription
ond line of evidence, which provides the prelude to the factors and cell types. Since MITF is expressed in only
present study by Lee et al., was the discovery in the a few tissues but HINT is ubiquitously expressed in many
same laboratory, in 1999, that HINT associates with and tissues (Klein et al., 1998), it seems likely that HINT
inhibits the transcriptional activity of MITF (Razin et al., also plays a role in regulating the activities of other
1999). MITF belongs to the helix-loop-helix/leucine zip- transcription factors. Indeed, the authors mention un-
per (bHLH-zip) protein family of transcription factors. It published studies indicating that HINT associates with
plays an important role in regulating the development the bHLH-zip transcription factor USF2. Another related
and growth of mast cells, melanocytes, osteoclasts, and question is whether Ap4A, or structurally related endoge-
nous compounds, also play a role in regulating the activi-probably other specific cell types. In mice, mutations in
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Selected Readingties of other transcription factors through interactions
with HINT or other members of the HIT family of proteins.
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